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A B S T R A C T 

We present the first measurement of the H I mass function (HIMF) using data from MeerKAT, based on 276 direct detections 
from the MeerKAT International Gig aHertz Tiered Extrag alactic Exploration (MIGHTEE) Surv e y Early Science data co v ering 

a period of approximately a billion years (0 ≤ z ≤ 0.084). This is the first HIMF measured using interferometric data o v er 
non-group or cluster field, i.e. a deep blank field. We constrain the parameters of the Schechter function that describes the HIMF 

with two different methods: 1 /V max and modified maximum likelihood (MML). We find a low-mass slope α = −1 . 29 

+ 0 . 37 
−0 . 26 , 

‘knee’ mass log 10 ( M ∗/ M �) = 10 . 07 

+ 0 . 24 
−0 . 24 and normalization log 10 ( φ∗/ Mpc −3 ) = −2 . 34 

+ 0 . 32 
−0 . 36 ( H 0 = 67.4 km s −1 Mpc −1 ) for 

1 /V max , and α = −1 . 44 

+ 0 . 13 
−0 . 10 , ‘knee’ mass log 10 ( M ∗/ M �) = 10 . 22 

+ 0 . 10 
−0 . 13 and normalization log 10 ( φ∗/ Mpc −3 ) = −2 . 52 

+ 0 . 19 
−0 . 14 for 

MML. When using 1 /V max we find both the low-mass slope and ‘knee’ mass to be consistent within 1 σ with previous studies 
based on single-dish surv e ys. The cosmological mass density of H I is found to be slightly larger than previously reported: 
�H I = 5 . 46 

+ 0 . 94 
−0 . 99 × 10 

−4 h 

−1 
67 . 4 from 1 /V max and �H I = 6 . 31 

+ 0 . 31 
−0 . 31 × 10 

−4 h 

−1 
67 . 4 from MML but consistent within the uncertainties. 

We find no evidence for evolution of the HIMF o v er the last billion years. 

Key words: surv e ys – galaxies: evolution – galaxies: ISM – galaxies: luminosity function, mass function – radio lines: galaxies. 
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 I N T RO D U C T I O N  

ydrogen is the most abundant element in the Universe, constituting
round 75 per cent of the total baryonic matter. It is not just the
rimary building block of all the structure we see in the Universe, but
t also plays a crucial role in the formation and evolution of galaxies.
tars in galaxies are born in dense giant molecular clouds, which

hemselves form due to the cooling of neutral hydrogen. It is unclear,
o we ver, where galaxies acquire the fuel to keep forming stars
nd how star-forming gas gets rec ycled. Moreo v er, observational
tudies show that the rate at which new stars are born in galaxies
as been continuously decreasing for the last several billion years
e.g. Madau & Dickinson 2014 ; Neeleman et al. 2016 ; Walter et al.
020 ). This decrease must be connected to the amount of the cold
as available to form stars. 

The evolution in the cosmic H I density ( �H I ) is one of the major
actors in understanding of the cosmic star formation rate (SFR)
ensity and the mass assembly of galaxies, since H I serves as a raw
aterial for the buildup of stellar mass (Maddox et al. 2015 ; Pan

t al. 2022 ). �H I also provides insights into the processes go v erning
he distribution and evolution of cool gas in the Universe. At higher
edshifts ( z > 0 . 2) �H I has been measured indirectly using either H I
 E-mail: anastasia.ponomare v a@physics.ox.ac.uk 
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pectral stacking (Delhaize et al. 2013 ; Bera et al. 2018 ; Rhee et al.
018 ; Chowdhury et al. 2020 ), damped Lyman α (DLA) absorption
ine systems (P ́eroux et al. 2003 ; Noterdaeme et al. 2012 ; Grasha
t al. 2020 ), or the [C II ]-to-H I conversion factor (Heintz et al. 2021 ,
022 ). Overall, these studies agree that the H I mass density of
he Uni verse sho ws minor e volution with time, in contrast to the
olecular hydrogen, which exhibits strong evolution and mirrors

hat of the global SFR density (P ́eroux & Howk 2020 ). 
At low redshift �H I is measured directly by summing up the

mount of gas in galaxies, usually via determining the H I mass
unction (HIMF), which is the neutral hydrogen equi v alent of the
tellar mass function (Baldry et al. 2012 ). The HIMF defines the
umber of galaxies per cubic Mpc as a function of H I mass, and its
hape determines how the neutral gas in the Universe is distributed
 v er galaxies of different H I masses. At z = 0 the shape of the
IMF has been e xtensiv ely studied (Zwaan et al. 2003 ; Martin et al.
010 ; Jones et al. 2018 ; Said, Kraan-Korteweg & Staveley-Smith
019 ). These studies have shown that the HIMF follows a Schechter
unction with a power-law low-mass slope ( α) and an exponential
all-off at the high-mass end, beyond a ‘knee’ mass ( M � ; Zwaan et al.
997 ). Even though an agreement between various studies on the
aint-end slope of the HIMF has never been reached, they agree that
he HIMF depends on the morphological type of galaxies and on the
nvironment where galaxies reside. For example, the overall HIMF
ends to have a steeper low-mass slope than when just the Local
© 2023 The Author(s) 
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roup or individual groups of galaxies are considered (Zwaan et al. 
005 ; Jones et al. 2016 , 2020 ; Busekool et al. 2021 ). Therefore, a
ay to probe an evolution of galaxies o v er cosmic times is to study
ariations of the HIMF as a function of morphology, environment, 
nd redshift. 

The HIMF is complementary to the stellar mass function in a way
hat it provides additional insights on galaxies’ assembly processes, 
ince the correlation between halo mass and neutral gas mass is very
ifferent from that between halo mass and stellar mass (Guo et al.
020 ; Yasin et al. 2022 ). Well-constrained stellar and HIMFs put
ajor constraints on the theoretical models of galaxy formation and 

volution, as any successful theory of galaxy formation and evolution 
hould be able to reproduce both mass functions simultaneously at 
ny redshift (Crain et al. 2017 ; Diemer et al. 2018 ; Dav ́e et al. 2020 ).

To date the most accurate HIMF in the Local Universe ( z ≤ 0.06)
as been measured by the Arecibo Le gac y F ast ALF A (ALF ALF A)
urv e y (ALF ALF A; Martin et al. 2010 ; Jones et al. 2018 ). The
esulting HIMF from the ALF ALF A 100 per cent surv e y (hereafter
LF ALF A 100 ; Jones et al. 2018 ) indicated that most H I gas in the
ocal Universe resides in the high stellar mass galaxies. Additionally, 

his study demonstrates the effect of the environment on the HIMF, 
ndicating that the low-mass slope is particularly sensitive. Jones 
t al. ( 2018 ) also report a change in the ‘knee’ mass when only part
f the sample is used, which is also attributed to the environmental
ependence. Other observational studies have also shown a flattening 
f the low-mass slope in high-density environments such as groups 
nd clusters (Pisano et al. 2011 ; Westmeier et al. 2017 ; Busekool
t al. 2021 ), suggesting that the shape of the HIMF depends on the
ocal and global environment (Jones et al. 2020 ). 

At redshifts beyond the Local Universe ( z > 0.05), statistical mea-
urements from direct detections in emission become increasingly 
hallenging, due to the intrinsic faintness of the H I line. Ho we ver,
sing associated 21-cm absorption can provide complementary infor- 
ation and push H I studies to higher redshifts, although these studies

re also limited due to the need of strong continuum background 
ources (Gupta et al. 2006 ; Maccagni et al. 2017 ; Aditya et al. 2021 ).
o date, only two surv e ys hav e been able to pro vide measurements of

he HIMF parameters beyond the Local Universe. One is the Arecibo 
ltra-Deep Surv e y (AUDS; Xi et al. 2021 ), spanning a redshift range
 < z < 0.16. Another is the Blind Ultra-Deep H I Environmental
urv e y (BUDHIES; Gogate 2022 ), which has constructed the HIMF
nd measured �H I at z ∼ 0.2 using direct H I detections for the
rst time, but is centred on two galaxy cluster fields. In general,

he results of these surv e ys are in agreement that there is little
o no evolution of the H I content in the Universe up to z = 0.2.
o we v er, the y find a some what dif ferent lo w-mass slopes and ‘knee’
asses. For instance, the results from the AUDS survey are in good

greement with those from ALF ALF A 100 , especially at the low-
ass end, while BUDHIES finds a somewhat steeper α and lower M ∗.
o we ver, their results are subject to various significant uncertainties, 

uch as completeness corrections and cosmic variance, as well as the 
nvironment in which the galaxies reside. Bera et al. ( 2022 ) have
tudied the HIMF of star-forming galaxies at z ∼ 0.35 using stacking 
echnique, and found a significant evolution of the HIMF o v er the last
 Gyr, especially at the high-mass end. In particular, in agreement 
ith BUDHIES, they find a lower ‘knee’ mass and steeper low-mass

lope in comparison to the results at z = 0 from ALF ALF A 100 . 
The advent of the next-generation deep, blind H I surveys using

ew telescopes such as Australian Square Kilometre Array Pathfinder 
ASKAP; Johnston et al. 2008 ), APERture Tile In Focus (APERTIF;
dams et al. 2022 ), MeerKAT (Jonas 2009 ), and eventually the
quare Kilometre Array (SKA) will impro v e our understanding 
f the redshift evolution of the HIMF and �H I . Surv e ys such as
he Looking At the Distant Universe with the MeerKAT Array 
LADUMA; Blyth et al. 2018 ), the Deep Investigation of Neutral Gas
rigins (DINGO; Meyer 2010 ; Rhee et al. 2023 ), and the COSMOS
 I Large Extragalactic Surv e y (CHILES; Hess et al. 2019 ; Dodson

t al. 2022 ) are specifically designed to systematically study H I in
alaxies o v er a large range of redshifts. Another such surv e y is the
eerKAT International GigaHertz Tiered Extragalactic Exploration 

MIGHTEE; Jarvis et al. 2018 ), which when complete will detect
ore than 1000 galaxies in H I up to z ∼ 0.6, therefore allowing

he systematic study of the evolution of the neutral gas content of
alaxies o v er the past fiv e billion years. 

In this paper, we present the first measurement of the HIMF
sing data from the MeerKAT telescope. We use the MIGHTEE 

arly Science data in order to construct the HIMF o v er the last
illion years (0 ≤ z ≤ 0.084) and calculate the cosmic H I mass
ensity o v er this redshift range. This is also the first HIMF measured
sing interferometric data o v er non-group or cluster field, i.e. a deep
lank field. Our work demonstrates the capabilities of MeerKAT and 
rovides a benchmark for the future H I evolutionary studies with the
KA pathfinders. 
This paper is organized as follows. In Section 2 , we describe the
IGHTEE surv e y and the Early Science data. In Section 3 , we

resent the H I mass measurements, and in Section 4 , we describe
ow we measure the HIMF. In Section 5 , we present the results and
est-fitting parametrization of the Schechter function. A summary 
nd conclusions are presented in Section 6 . 

Throughout this paper, we assume � cold dark matter ( � CDM)
osmology parameters of H 0 = 67.4 km s −1 Mpc −1 , �m 

= 0.315,
nd �� 

= 0.685 (Planck Collaboration VI 2020 ). 

 T H E  M I G H T E E  SURV EY  

he MeerKAT International GigaHertz Tiered Extragalactic Ex- 
loration (MIGHTEE) is a MeerKAT surv e y of four deep, extra-
alactic fields [Cosmic Evolution Surv e y (COSMOS), XMM -Large 
cale Structure ( XMM -LSS), Extended Chandra Deep Field South 
ECDFS), European Large Area ISO Surv e y – South 1 (ELAIS-S1);
arvis et al. 2018 ]. MeerKAT is a radio interferometer that consists of
4 offset Gregorian dishes and equipped with three receivers covering 
he frequency range from 580 to 3500 MHz (Jonas 2009 ). MIGHTEE
s simultaneously a spectral line, continuum, and polarization surv e y.

For this study we use the Early Science data, which were collected
s part of the H I emission project within the MIGHTEE surv e y. A
etailed description of MIGHTEE-H I is presented in Maddox et al.
 2021 ). 

The Early Science MIGHTEE observations were conducted be- 
ween mid-2018 and mid-2019 in L band (900 < ν < 1670 MHz)
ith a limited spectral resolution (208 kHz, which corresponds to 
4 km s −1 at z = 0). A full description of the H I line data reduction
trategy and data quality assessment will be presented in Frank et al.
in preparation). 

The summary of the Early Science data used in this paper can
e found in table 1 of Rajohnson et al. ( 2022 ). Briefly, they consist
f observations of the COSMOS and XMM -LSS fields, and co v er
he redshift range 0 ≤ z ≤ 0.084. The 30 per cent area of the main
obe of the primary beam of the COSMOS field is 1.5 deg 2 that
orresponds to one MeerKAT pointing, although we note that the 
ull width at half-maximum (FWHM) of the primary beam is equal
o ∼0.9 deg 2 at 1420.405 MHz. The XMM -LSS field was co v ered by
hree o v erlapping pointings resulting in the observed area of 3.3 deg 2 

Fig. 1 ). The total integration time for the COSMOS field was ∼17 h,
MNRAS 522, 5308–5319 (2023) 
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M

Figure 1. The MIGHTEE-H I detections in COSMOS (left) and XMM -LSS (right) fields colour coded by their H I mass. The concentric circles represent the 
main lobe of the MeerKAT primary beam. The inner solid circle indicates the FWHM of the primary beam ∼0.9 deg 2 and the outer 30 per cent level ∼1.5 deg 2 . 
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nd 13 h were spent on each pointing of the XMM -LSS field. The
verage rms noise per 208 KHz channel across the COSMOS field is
S ν = 49 μJy, and for the XMM -LSS field that average rms noise is
S ν = 81 μJy, corresponding to 3 σ H I column density sensitivity of
.05 × 10 19 atoms cm 

−2 for COSMOS and 9.83 × 10 19 atoms cm 

−2 

or XMM -LSS, respectively. 
The source finding was performed visually by inspecting the
 I data cubes with the Cube Analysis and Rendering Tool for
stronomy ( CARTA ; Comrie et al. 2020 ), and was not guided by the

vailable deep optical information. The total Early Science sample
onsists of 276 objects, each of which has an identified optical
ounterpart in the very deep multiwavelength data over these fields.
o we ver, we note that a counterpart was not required for a source to
e considered genuine. 
Although even the full MIGHTEE surv e y will not be able to

ompete with the sky coverage of the ALF ALF A survey ( ∼6900 deg 2 

 ersus ∼32 de g 2 ), the MIGHTEE Early Science flux limit is a
actor of 10 deeper than the approximate flux limit of the large-
rea ALF ALF A surv e y, and e xtends further in redshift (see fig. 8 in
addox et al. 2021 ). F or e xample, a galaxy with an H I mass equal to

0 9 M � and H I line width equal to 100 km s −1 would be detectable
y ALF ALF A out to a distance of ∼80 Mpc (Haynes et al. 2011 ;
ones et al. 2018 ), while a galaxy with the same parameters will be
etectable by MIGHTEE to ∼428 Mpc (Maddox et al. 2021 ). This
llows us to study both the low-mass slope and the ‘knee’ of the
IMF out to larger redshifts. 
The total cosmological volume of the Early Science MIGHTEE

urv e y is ∼7000 Mpc 3 . The detections in both fields span approxi-
ately the same redshift range from z min = 0.004 to z max = 0.082 in
OSMOS and z max = 0.084 in XMM -LSS, and lie almost e xclusiv ely
ithin the area of 1.5 deg 2 of each pointing (Fig. 1 ). 

 H  I MASS  MEA SUREMENTS  

he total H I mass of each galaxy was calculated following the
rescription from Meyer et al. ( 2017 ): 

(
M H I 

M �

)
= 

2 . 356 × 10 5 

1 + z 

(
D L 

Mpc 

)2 (
S 

Jy km s −1 

)
, (1) 

here D L is the cosmological luminosity distance to the source, z is
edshift, and S is the integrated H I flux density. 
NRAS 522, 5308–5319 (2023) 
The integrated H I flux density has been calculated using the
oment-0 maps constructed individually for each source, taking

if fuse lo w column density emission into account. The detailed
escription of how the moment-0 maps were constructed is presented
n Ponomare v a et al. ( 2021 ) and Rajohnson et al. ( 2022 ). The error
n the integrated flux S was calculated by projecting the source
ask, used to construct the moment-0 map, to four emission-free

egions around the detection. Then, the uncertainty in the integrated
ux of a galaxy was defined as the mean rms scatter of the four
ux measurements in these regions (Ramatsoku et al. 2016 ). As a
esult, the typical uncertainty on the H I mass varies from ∼ 5 per cent
or the high-mass galaxies to ∼20 per cent for the lowest mass
bjects ( M H I ≤ 10 8 M �). We note that due to MeerKAT’s excellent
ombination of sensitivity and uv -plane co v erage an y missed H I

ux is negligible as compared to the single-dish telescopes. For
xample, we find an excellent agreement between the total fluxes
f the o v erlapping sources from MIGHTEE and ALF ALF A (Frank
t al., in preparation) 

The cosmological distance ( D L ) to each source has been calculated
sing the adopted cosmology, following the prescription of Meyer
t al. ( 2017 , equation 10). According to Tully et al. ( 2014 ) peculiar
elocities are a negligible fraction of observed velocities at z >
.03. In our sample we have 50 objects below this redshift with a
ean log 10 ( M H I / M �) = 8 . 3. The galaxy with the lowest systemic

elocity of our sample has V sys = 1238 km s −1 , while a typical
eculiar motion is ∼300 km s −1 (Darling & Truebenbach 2018 ).
dopting this value as the uncertainty on the systemic velocity results

n an uncertainty on log 10 ( M H I ) ∼ 0 . 06 dex for the galaxies at z <
.03 dex and z ∼ 0.02 dex for the whole sample. The o v erall resulting
ncertainties on the H I mass due to peculiar velocities are therefore
uch smaller than the bin size used for our mass function calculation

0.3 dex), and also subdominant compared to the Poisson statistics
ombined with the sample variance (see Section 4.3 ) for our sample.
e therefore do not attempt to correct for such peculiar motion. 

 CONSTRUCTI NG  T H E  H  I MASS  F U N C T I O N  

.1 Completeness 

rior to performing a statistical analysis of any sample, determining
he completeness is important. The completeness is usually calcu-

art/stad1249_f1.eps
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Figure 2. H I masses as a function of redshift for our sample. Black points 
indicate the original sample, while red points indicate the sample used to 
construct the HIMF. The curved green line indicates the 5 σ flux limit used 
for the simulations of the expected number counts in MIGHTEE-H I (Maddox, 
Jarvis & Oosterloo 2016 ; Maddox et al. 2021 ). The curved blue line represents 
the median flux limit 5 S lim 

(see Section 4.1 ). The grey dashed horizontal line 
indicates an additional mass cut-off below which the sample galaxies were 
discarded (see Section 4.2 ). 
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ated per H I mass bin and is an estimate of how many galaxies in
hat bin have been detected from the population as a whole given the
imitations of the data (Gogate 2022 ). 

Many factors can affect whether or not a galaxy is detected in
he data. Effects such as primary beam attenuation, radio frequency 
nterference (RFI), non-uniform noise distribution, and limited 
patial (and/or spectral) resolution all play a role in our ability to
etect sources, particularly near the sensitivity limit of the surv e y.
urthermore, in H I surv e ys in particular, our ability to detect a galaxy
epends not only on its total intrinsic flux, but also on its orientation,
.e. galaxies with lower inclinations have higher flux per channel 
han more inclined galaxies. Low intrinsic flux and high inclinations 
reatly weaken the possibility of a galaxy to be detected (although 
he specifics depend on the method adopted for source finding), and 
herefore H I galaxy samples tend to be biased towards the most
as-rich and low-inclination sources in the surv e y volume. 

The most reliable way to determine the completeness of a surv e y
s to inject artificial but realistic sources into the image cubes and
eco v er them with exactly the same method that was used to find real
ources. The reco v ery rate of the artificial sources as a function of
heir H I mass can then be used to correct the underlying HIMF of a
urv e y for completeness. 

This method works well when an automated source finder is 
vailable and can be trusted to find sources with high reliability, 
hilst robustly differentiating real sources from false positives. 
hile there are ongoing efforts to build such source finders for the

arge H I interferometric surv e ys (e.g. Westmeier et al. 2021 ), there
s still no definitive solution, especially for the early MeerKAT data 
ith low-velocity resolution (Healy et al. 2021 ). For the MIGHTEE
arly Science data, we elected to use visual source finding instead 
f automated methods. A group of people within the MIGHTEE 

eam have examined the data visually, creating source catalogues, 
hich were then merged with duplicates remo v ed. Each source then
as been cross-matched with the optical catalogue of each observed 
eld. Therefore, we do not perform the completeness correction 
sing injected sources in our data, since it would require the same
roup of people to repeat the visual source finding on a much
arger sample, and it would become prohibiti ve. Ho we ver, despite

eerKAT’s superb combination of sensitivity and spatial resolution, 
e will undoubtedly be missing sources close to our adopted flux 

imit, ho we v er conv ersely, the sources we have identified are much
ore unlikely to be contaminated by artefacts, particular as they 

ave all been cross-identified to counterparts in the exceptionally 
eep optical (Aihara et al. 2019 ), and near-infrared (McCracken 
t al. 2012 ; Jarvis et al. 2013 ) data o v er these fields (see Adams et al.
022 , for a full description of the combined data set). 
Instead, rather than calculate the incompleteness, we adopt a 

onserv ati ve approach and limit our sample to a flux limit abo v e
hich we are confident that we are very close to 100 per cent

omplete. We calculate a limiting line flux density ( S lim 

) for each
etection as 

 lim 

= 

√ 

W 50 

d v 
σS ν d v, (2) 

here W 50 is the full width at half-maximum (FWHM) of the H I

ine, measured as described in Ponomare v a et al. ( 2021 ), d v is the
elocity resolution at the redshift of the source, and σS ν is the 
ean measured rms noise. Since the sensitivity of the telescope 

ecreases with radius from the pointing centre, low-mass galaxies 
re preferentially detected within the FWHM of the primary beam (as
een in Fig. 1 ). Therefore, we measure rms noise in two areas: within
he full width half-power (inner region) and within the 30 per cent
f the total primary beam area (outer re gion). F or COSMOS we find
hat within the half-power radius σS ν = 45 μJy and at the 30 per cent
ower radius σS ν = 59 μJy. For XMM -LSS we find σS ν = 75 μJy
n the inner region and σS ν = 87 μJy in the outer region. To ensure
hat the sources used to construct the HIMF are detected at least
ith 5 S lim 

independent of their position in the pointing, we remo v e
rom the sample all sources with line flux that falls below this
imit (based on the rele v ant field and σS ν for each source). After
he line flux cut and exclusion of the sources detected outside the
.5 deg 2 area (Fig. 1 ) the sample decreases to 203 sources out of
76, which we use to construct the HIMF. By adopting this approach
e are excluding regions of the survey where we are marginally

ncomplete to the lower H I masses, but also not probing as deeply
s we potentially could close to the pointing centre. This helps us
o mitigate not only redshift-dependent completeness uncertainties, 
ut also completeness uncertainties associated with the position of a 
alaxy in the field. Fig. 2 shows the distribution of the H I mass of
ur sample before and after the flux cut, as well as median flux limit
5 S lim 

). To check the robustness of our results with this method to
itigate the incompleteness in our sample, we also adopt a flux limit

f 8 S lim 

, resulting in a sample of 174 sources. We find that the results
re consistent within the uncertainties (Table 2 ). 

.2 1/ V max method 

he number density of galaxies as a function of their H I mass can
e described as 

( M H I ) = 

d N gal 

d V d log 10 ( M H I ) 
, (3) 

here d N gal is the average number of galaxies in the volume d V , with
 I masses that fall within each logarithmic bin in M H I . 
MNRAS 522, 5308–5319 (2023) 
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Table 1. The sample variance of the combined MIGHTEE Early Science 
fields, and for the individual COSMOS and XMM -LSS fields, for the full 
range of H I mass bins. 

Fractional sample variance ( σv ) 
log ( M H I ) MIGHTEE COSMOS XMM -LSS 

6.5–8.5 0.20 0.36 0.25 
8.5–9.5 0.22 0.38 0.27 
9.5–10.0 0.24 0.41 0.29 
10.0–10.5 0.25 0.45 0.33 
10.5–11.0 0.27 0.47 0.34 
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To date, two different methods have been used in order to convert
bserved number count of galaxies as a function of their H I mass
nto the intrinsic number. One method, the two-dimensional stepwise
aximum likelihood estimator (2DSWML; Zwaan et al. 2005 ;
artin et al. 2010 ), has been widely used for large surv e ys with high

umber counts of galaxies per H I mass bin, as it can incorporate
ndependent methods to account for the effects of the large-scale
tructure (LSS) and sample variance. 

Ho we v er, if a surv e y does not hav e a large number of sources,
aximum likelihood methods tend to produce large errors when

nly a few galaxies per bin are present (Zwaan et al. 1997 ; Busekool
t al. 2021 ). Therefore, for our sample we elect to use the so-called
/ V max method (Schmidt 1968 ). The principle of this method is to
stimate the maximum comoving volume ( V max ) that corresponds to
he maximum redshift ( z max ) at which a galaxy of a certain mass
ould be detected within a given survey. 

To determine z max we use the limiting line flux of each galaxy
 S lim 

) calculated in Section 4.1 . Then, we iterati vely e v aluate the line
ux ( S ) of each detection o v er the redshift range of the entire sample
see Fig. 2 ) until it reaches the value below the detection threshold
qual to 5 S lim 

. The redshift at which this condition is met is assigned
s z max . We then calculate V max for each detection using z max from
he previous step. If V max exceeds the volume corresponding to the
pper redshift boundary of the surv e y volume ( z = 0.084), then
 max is set to V ( z = 0.084). The HIMF is later constructed by
umming 1/ V max in logarithmic bins of H I mass. To further ensure
00 per cent completeness in our sample, we include an additional
o w-mass cut-of f at M H I = 3 × 10 8 M �. We adopt this cut-off as
he most likely source of incompleteness in our sample are low-
elocity/low-mass systems where the H I line width may only extend
 v er 1–2 channels in our 44 km s −1 spectral resolution data. Although
here are relatively few galaxies below this mass (Fig. 2 ), we err on the
ide of caution and only fit the HIMF to galaxies with H I mass abo v e
his limit. Furthermore, the exclusion of these low-mass galaxies
oes not adversely effect our ability to constrain the low-mass slope
f the HIMF, as will be seen in Section 5 . 

.3 Sample variance 

ample variance (sometimes referred to as cosmic variance in
his context) is often used to describe the inhomogeneity of the
niverse. In other words, the matter in the Universe is not distributed
omogeneously and it contains regions of high and low density,
hich can introduce a systematic bias in observational estimates
f the volume density of galaxies. For astronomical surveys that
o v er large enough volumes and sample all possible environments,
ample variance averages out. However, it is a significant source of
ncertainty for deep galaxy surv e ys, which tend to co v er relativ ely
mall areas. In this case, the mass function tends to be biased by
he specific volume and would not be representative of the universal

ass function at a particular redshift (Somerville et al. 2004 ; Moster
t al. 2011 ). 

Calculating the sample variance is not a trivial task. For example,
LF ALF A being a large area surv e y assumed the sample variance
ncertainty as the difference between the HIMF of the Spring and
all skies (Jones et al. 2018 ). 
For MIGHTEE we e v aluate the uncertainty due to the sample

 ariance ( σ v ) follo wing the prescriptions from the ‘Cosmic variance
ookbook’ by Moster et al. ( 2011 ). This prescription uses � CDM
redictions to estimate the clustering strength for a given number
ensity at a known average redshift. According to this prescription
he sample variance can be estimated by multiplying the dark matter
NRAS 522, 5308–5319 (2023) 
osmic variance ( σ dm 

) at a given redshift by the linear galaxy bias
 b ) at that redshift: 

v = b( M � , z ) σdm 

( z , 	z = 0 . 1) 
√ 

0 . 1 /	z , (4) 

here M � is the stellar mass range of the sample, z is the mean
edshift of the surv e y, and 	z is the size of the redshift bin. The last
erm enables a sample variance calculation of different redshift bin
izes. Therefore, the sample variance depends on the stellar mass
ange within a given sample. Since we have measured stellar masses
f our sample galaxies (Maddox et al. 2021 ; Pan et al. 2022 ), to
 v aluate σ v we use the stellar mass bins of the MIGHTEE sample.
hen we convert stellar mass bins into the equi v alent H I mass bins

ollowing the M H I –M � relation from Maddox et al. ( 2015 , 2021 ), see
lso Pan et al. ( 2022 ). 

The resulting values for the sample variance of the full MIGHTEE
arly Science sample, as well as for the individual COSMOS and
MM -LSS fields, are shown in Table 1 . As expected, there is a
lear trend and the sample variance decreases with increasing surv e y
rea, being the largest for the COSMOS field, and the smallest
or the full MIGHTEE sample. As a result, the sample variance
ntroduces the averaged uncertainties of the volume densities of

24 per cent for combined fields, ∼41 per cent for the COSMOS
eld, and ∼30 per cent for the XMM -LSS field. These uncertainties
re in agreement with Driver & Robotham ( 2010 ), who have shown
hat the surv e y should be at least 10 ‘ultradeep’ fields for the
ffect of sample variance to be below 20 per cent for stellar mass
elected samples. We note that H I -rich galaxies cluster differently
han described in equation ( 4 ) due to the lack of H I in galaxies in
ery dense environments (Papastergis et al. 2013 ). Therefore, our
ample variance constraints are conservative upper limit estimates.
e add these uncertainties in quadrature to the Poisson errors for

ach H I mass bin prior to fitting the HIMF. 

.4 Fitting 1/ V max data 

t is widely accepted that a Schechter function can very well describe
he shape of the HIMF (Zwaan et al. 1997 ): 

( M H I ) = ln (10) φ� 

(
M H I 

M � 

)α+ 1 

e 
−

(
M H I 
M � 

)
, (5) 

here φ� is the normalization constant, M � is the ‘knee’ mass, and
is the low-mass slope. 
In order to determine the best fit we perform a simple χ2 

inimization, which also enables us to determine the goodness of
t. Ho we v er, to fully e xplore the posterior probability distribution
f each of the parameters in the Schechter function, along with their
egeneracies, we use MULTINEST (Feroz & Hobson 2008 ; Feroz,
obson & Bridges 2009 ), based on the nested sampling technique

Skilling 2004 ). MULTINEST produces the posterior samples from
istributions with an associated error estimate. We use default initial
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Figure 3. The HIMF of the MIGHTEE Early Science data is shown with the blue points. The best-fitting relation based on the 1 /V max method is shown with 
the blue dashed line. The best-fitting relation based on the MML method is shown with the green dashed line. The ALF ALF A 100 HIMF from Jones et al. 
( 2018 ) is shown with the black line. The HIMF measured from BUDHIES (Gogate 2022 ) at z = 0.2 is shown with the orange line, and the HIMF from AUDS 
(Xi et al. 2021 ) at z = 0.16 is shown with the red line. The histogram in the bottom panel shows the distribution of H I mass in the MIGHTEE data. The vertical 
dashed line indicates the mass limit below which the data points were discarded prior to the fit (see Section 4.1 ). The 1 σ uncertainty of the 1 /V max fit, sampled 
from the MULTINEST posteriors (Fig. 4 ) is shown with the blue shaded area. The 1 σ uncertainty of the MML fit sampled from 10 3 bootstrap iterations is shown 
with the green shaded area. 
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arameters, such as tolerance = 0.5 and live points = 1000 (Buchner
t al. 2014 ). The prior distributions for φ� , M � , and α are set in the
ollowing ranges: log 10 ( φ� ): uniform ∈ [ −3, 0]; log 10 ( M � ): uniform
 [9.5, 10.5]; and α: uniform ∈ [ −2.25, −0.25]. We find that the
aximum likelihood of the best-fitting HIMF agrees with the best 
t determined by minimizing the χ2 as expected, but we use the 
osteriors from MULTINEST to highlight the de generac y between 
arameters. 

.5 Modified maximum likelihood method 

s already mentioned abo v e, there is no definitive method to correct
mall samples of galaxies for the effects of the LSS when measuring
he HIMF. While 2DSWML can mitigate these effects for the large 
urv e ys, it introduces large errors when there are only a few galaxies
er bin of H I mass present (Section 4.2 ). Ho we ver, to highlight
egeneracies associated with fitting an HIMF we use a modified 
aximum likelihood (MML) method (Obreschkow et al. 2018 ) in 

ddition to 1 /V max . MML method was specifically developed to infer
enerative distribution functions from uncertain and biased data. This 
ethod can accurately reco v er the mass function of galaxies, while

imultaneously dealing with observational uncertainties and to some 
xtent, unknown cosmic LSS. The main difference of this method 
rom 1 /V max is that it is free of binning and it reco v ers the shape
f the mass function by accounting for the individual 1/ V max for
ach galaxy, thus removing the need for binning the data. Moreo v er,
t attempts to account for the effects of LSS (or sample variance)
y using the distance distribution of the data to model the mean
ensity of the surv e y volume at como ving distance r relative to the
ean density of the Universe (Baldry et al. 2012 ; Wright et al.

017 ). 
For our study we use the R-implementation of the MML 

 dftools ) described in detail in Obreschkow et al. ( 2018 ). For the
t we provide our 1/ V max values with their associated uncertainties,
s well as the distances to our galaxies. To determine the asymmetric
ncertainties of the fit we use 1000 bootstrap iterations with a fixed
eed for the random number generator (Obreschkow et al. 2018 ).
he results of this method in comparison to 1 /V max are presented in
ection 5 , together with comparisons to the literature. 

 RESULTS  

.1 The MIGHTEE HIMF o v er 0 < z ≤ 0.084 

ig. 3 shows the HIMF measured using the MIGHTEE Early Sci-
nce data together with the best-fitting Schechter function obtained 
sing 1 /V max method (blue line) and MML method (green line),
long with the H I mass distribution of the sample. The best-fitting
arameters ( φ� , M � , and α) for both measurements of the Schechter
unction parametrization for MIGHTEE and other surv e ys used for
omparison are presented in Table 2 . The posterior distributions for
he Schechter function parameters obtained for 1 /V max method are 
hown in Fig. 4 . 
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Table 2. The best-fitting parameters of a Schechter function parametrization of the HIMF and resulting �H I for MIGHTEE (this work), ALF ALF A 100 (Jones 
et al. 2018 ), BUDHIES (Gogate 2022 ), and AUDS (Xi et al. 2021 ). The parameters of the three literature surv e ys hav e been scaled to H 0 = 67.4 km s −1 Mpc −1 

for the ease of comparison. 

Surv e y (sample size) log 10 ( φ� / h 3 67 . 4 Mpc −3 ) log 10 ( M � / h 
−2 
67 . 4 M �) α γ χ2 

ν �H I × 10 −4 h −1 
67 . 4 

MIGHTEE 1 /V 

5 S lim 
max (203) −2 . 34 + 0 . 32 

−0 . 36 10 . 07 + 0 . 24 
−0 . 24 −1 . 29 + 0 . 37 

−0 . 26 – 0.98 5 . 46 + 0 . 94 
−0 . 99 

MIGHTEE 1 /V 

8 S lim 
max (174) −2 . 36 + 0 . 35 

−0 . 38 10 . 10 + 0 . 22 
−0 . 24 −1 . 40 + 0 . 42 

−0 . 24 – 1.1 –

MIGHTEE MML (203) −2 . 52 + 0 . 19 
−0 . 14 10 . 22 + 0 . 10 

−0 . 13 −1 . 44 + 0 . 13 
−0 . 10 – 1.2 6 . 31 + 0 . 31 

−0 . 31 

MIGHTEE (evolutionary fit) −2 . 19 + 0 . 18 
−0 . 26 9 . 97 + 0 . 2 −0 . 18 −0 . 96 + 0 . 29 

−0 . 25 1 . 15 + 1 . 75 
−1 . 44 0.92 –

MIGHTEE COSMOS (53) −2 . 93 + 0 . 29 
−0 . 27 10 . 16 + 0 . 46 

−0 . 33 −1 . 58 + 0 . 49 
−0 . 41 – 2.1 2 . 84 + 1 . 33 

−1 . 05 

MIGHTEE XMM -LSS (150) −2 . 34 + 0 . 25 
−0 . 31 10 . 08 + 0 . 23 

−0 . 23 −1 . 13 + 0 . 40 
−0 . 27 – 1.2 4 . 77 + 0 . 87 

−0 . 92 

ALF ALF A 100 (23621) −2.33( ±0.02 ± 0.07) 9.96( ±0.01 ± 0.005) −1.25( ±0.02 ± 0.1) – – 4.05 ± 0.1 

BUDHIES (42) −2.30 ± 0.03 9.80 ± 0.16 −1.49 ± 0.48 – – 4.26 ± 4.6 

AUDS (247) −2.60 ± 0.01 10.17 ± 0.09 −1.37 ± 0.05 – – 3.69 ± 0.3 

Figure 4. The posterior distributions of the MIGHTEE HIMF parameters 
( φ� , M � , and α) obtained with MULTINEST . Black contours on the 2D 

histograms indicate 1 σ , 2 σ , and 3 σ confidence levels. Dashed lines on 
histograms indicate the best-fitting values. 
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Overall, the HIMF is very well fit by the Schechter function in
oth cases, and the results of the two different methods are consistent
ithin the uncertainties. The MML method presents much smaller
ncertainties on the parameters since it accounts for the effects of the
SS with an implicit calculation based on the mean galaxy number
ensity. In contrast, for the 1 /V max method we account for cosmic
ariance in the error budget of the binned points. For both methods
educed χ2 ≈ 1. The results from both methods are also consistent,
ithin the uncertainties, with the results from ALF ALF A 100 , AUDS,

nd BUDHIES (Fig. 3 ). 
When comparing the HIMFs from different surv e ys, samples, and

edshifts, the most important comparisons arise from the character-
zation of the low-mass slope ( α) and the ‘knee’ mass ( M � ) since
hey describe the overall shape of the HIMF. For example, using
LF ALF A 100 Jones et al. ( 2018 ) found the low-mass slope to be
NRAS 522, 5308–5319 (2023) 
ignificantly flatter in the F all sk y than in the Spring sky due to
he Virgo Cluster, suggesting that α is sensitive to the environment.
sing AUDS, Xi et al. ( 2021 ) found a very similar low-mass slope

o ALF ALF A 100 , ev en though their sample co v ers a much larger
edshift range (0 < z ≤ 0.16, as opposed to 0 < z ≤ 0.06 for
LF ALF A 100 ) and a much smaller area. 
Using the 1 /V max method we find the best-fitting low-mass slope to

e similar to both of these studies, and particularly almost identical to
he slope measured by ALF ALF A 100 ( αA100 = −1.25( ±0.02 ± 0.1)
nd αMIGTHEE = −1 . 29 + 0 . 37 

−0 . 26 ). The MML yields a somewhat steeper
lope that is consistent with the low-mass slope from BUDHIES, but
ainly due to the fact that the low-mass slope from the BUDHIES

ata is relatively poorly constrained, due to having a mass limit of
 H I = 10 9 M �. Fig. 5 shows the M � –α comparison between our
easurements and those from the literature. 
We find the best fit for the ‘knee’ mass of the HIMF to be consistent,

ithin the uncertainties, with previous studies and is in excellent
greement with AUDS, which probes twice the redshift range of
IGHTEE (Fig. 3 ). The ‘knee’ mass is responsible for the counts of
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Figure 6. The HIMF constructed for the evolutionary fit (equation 6 ) is 
shown with the green ( z = 0.021) and magenta lines ( z = 0.063). The green 
points represent galaxies from the low-redshift bin ( z ≤ 0.04), while magenta 
points are galaxies from the high -redshift bin ( z > 0.04). The lower panel 
shows the observed counts for ‘high’- z sample in magenta and low- z sample 
in green. The vertical dashed line indicates the completeness cut-off. 
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Figure 7. The posterior distributions of the fitted evolutionary modified 
Schechter function parameters ( φ� , M � , α, and γ ) obtained with MULTINEST . 
The contours and vertical dashed lines are the same as in Fig. 4 . 

a
c

 

s  

s  

s
F  

a  

c  

c
c  

T  

n  

a
t  

h  

2  

d

5

N  

fi
(  

fi
a  

d  

s
 

t  

d  

a  

s  

s  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/522/4/5308/7147577 by The Librarian. user on 13 June 2023
he high-mass galaxies, which require a large volume to be detected 
n sizeable numbers. Although, with the MIGHTEE Early Science 
ample we can constrain the ‘knee’ mass (Fig. 4 ), the uncertainties
re still relatively large (around an order of magnitude larger than 
LF ALF A 100 ) due to the limited volume of the Early Science data.
Both our methods (1/ V max and MML) yield consistent results 

Table 2 ). Therefore, we proceed further by comparing only 1/ V max to
he literature studies because it is more sensitive to the uncertainties, 
nd we can investigate the goodness of the fit with the posterior
istributions of the Schechter function parameters that highlight 
ossible degeneracies (Fig. 4 ). 

.2 Evolution of the HIMF with redshift 

s a proof of concept we investigate whether or not there is any
vidence for evolution in the HIMF as a function of redshift. To do
o we divide our main sample into two: a low-redshift sample ( z ≤
.04) and ‘high’-redshift sample ( z > 0.04). For both samples we
ecalculate V max using only the volume corresponding to the new 

edshift range. We also adjust the Poisson counting errors to the new
amples. 

To quantitatively assess the possible evolution of the HIMF, 
nstead of fitting the two samples separately, we rather fit them 

imultaneously with the modified Schechter function that includes a 
1 + z) γ density evolution term (Pan et al. 2020 ): 

( M H I ) = ln (10) φ� 

(
M H I 

M � 

)α+ 1 

e 
−

(
M H I 
M � 

)
(1 + z) γ , (6) 

here all the parameters are the same as in equation ( 5 ), z is the mean
edshift of each sample ( z = 0.021 for the low- z sample and z =
.063 for the ‘high’- z sample), and γ is an evolutionary parameter 
escribing how the HIMF evolves with redshift. We note that the 
volutionary term (1 + z) γ can be appended to M � (resulting in a
orizonal shift in the HIMF) instead of to the o v erall density (vertical
hift). Given our sample size and where the bulk of our galaxies
eside, we have a higher chance of detecting the overall density 
volution due to the fact that we have better statistics on the low-
ass slope than the high-mass turno v er. Ho we ver, we test this by
dopting a characteristic mass evolution and find similar results, 
onsistent with zero evolution. 

Fig. 6 shows the resulting HIMF for both the low- and high- z
amples. From Fig. 6 it is already clear that, we do not detect any
ignificant evolution of the HIMF o v er the redshift range of our
ample. The posterior distributions of fitted parameters are shown in 
ig. 7 . While all other parameters of the HIMF are well constrained
nd consistent with the fit of the entire sample (Table 2 ), γ is not
onstrained and has very large associated uncertainties (Fig. 7 ). We
alculate χ2 

ν = 0 . 92 using the parameters of the model including γ
ompared to χ2 

ν = 0 . 98 when the evolutionary term is not considered.
herefore, in voking Occam’s Razor , within our redshift range we do
ot find any evidence for evolution of the HIMF. This result is in
greement with various models of galaxy formation and evolution 
hat predict that the major evolution of H I content of the Universe
as occurred between z = 2 and z = 0 (Yates, P ́eroux & Nelson
021 ), and 1 billion yr in lookback time is not enough to be able to
etect any evolution of the HIMF. 

.3 HIMF o v er different fields 

e xt, we inv estigate the variations for the HIMF o v er two distinct
elds, which combined make up our main sample, COSMOS 

1.5 deg 2 ) and XMM -LSS (3.3 deg 2 ). We construct the HIMF for each
eld separately and adjust the uncertainties due to cosmic variance 
nd Poisson source counts of each sample. The HIMFs for two
ifferent fields, together with the HIMF for the main sample, are
hown in Fig. 8 . 

We find that while the HIMF of both fields is well constrained at
he low-mass range, due to the small volume probed by the COSMOS
ata, the ‘knee’ mass of the COSMOS HIMF is poorly constrained
nd suppressed, in comparison to the ‘knee’ mass of the XMM -LSS
ample. This results in a steeper low-mass slope than when the whole
ample is considered (Table 2 ). Moreo v er, the COSMOS HIMF also
MNRAS 522, 5308–5319 (2023) 
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Figure 8. The HIMF of the COSMOS field is shown with red points and 
its best-fitting relation is shown with the red line. The XMM -LSS HIMF is 
shown with grey points and grey line. The total MIGHTEE parametrized 
HIMF is shown with the blue line. The lower panel shows the observed 
counts for COSMOS in red and for XMM -LSS in grey. The vertical dashed 
line indicates the completeness cut-off. 
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Figure 9. Neutral gas density ( �H I ) as a function of redshift for different H I 

surv e ys (emission only). Horizontal error bars indicate the redshift co v erage 
of each surv e y. The best-fitting cosmic H I density from a compilation of 
H I emission (direct and stacking) and Ly α absorption from z = 0 to z = 

5 is shown with the blue line. The blue shaded region indicates 95 per cent 
confidence interval. Adopted from P ́eroux & Howk ( 2020 ). 
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as much larger uncertainties due to the significantly smaller volume
han for the XMM -LSS field, which results in lower number counts
n the same H I mass bin coupled with a higher sample variance
Table 1 ). 

The ‘knee’ mass of the full sample is completely dominated by
he XMM -LSS field due to the much larger volume co v erage, and a
elati vely fe w high-H I -mass galaxies in our whole sample have been
etected only in the XMM -LSS field. Therefore, we do not find any
ifference between the XMM -LSS ‘knee’ mass and the one for the
hole sample (Fig. 8 ). 
Because of our limited volume we cannot conclude if the low-mass

lope of the HIMF ( α) is sensitive to the environment, as was found
y Jones et al. ( 2020 ). Given a relatively small sample, we find the
easured values of α to have large uncertainties, and therefore the

ow-mass slopes from the two different fields are consistent with the
ow-mass slope of the entire sample within errors. Interestingly, α of
he main sample sits in between the steeper low-mass slope of the
OSMOS field, dominated by low-mass galaxies, and the shallower

ow-mass slope of the XMM -LSS field, dominated by the higher
 I mass galaxies. From Figs 4 and 7 it is clear that the Schechter

unction parametrization α and M � are highly degenerate, and it is
nly by using the larger v olume b ut slightly shallower XMM -LSS
ata in conjunction with the deeper and narrower COSMOS data,
hat we can o v ercome this de generac y and reduce the uncertainty on
ach individual parameter. 

.4 Cosmic H I density ( �H I ) 

he HIMF can be used to calculate the cosmic H I density ( �H I ) by
nte grating o v er the best-fitting Schechter function. 

First, the comoving H I mass density ( ρH I ) is defined as 

H I = 
( α + 2) φ� M ∗, (7) 

here 
 is Euler Gamma function and φ� , M � , and α are the HIMF
arameters of the best-fitting Schechter function. Subsequently �H I 

s calculated as 

H I = 

8 πG 

3 H 

2 
0 

ρH I , (8) 
NRAS 522, 5308–5319 (2023) 
here G is the gravitational constant and H 0 is the Hubble constant.
sing the parameters of the HIMF for our main MIGHTEE sample
e obtain �H I = 5 . 46 + 0 . 94 

−0 . 99 × 10 −4 for the 1 /V max method and
H I = 6 . 31 + 0 . 31 

−0 . 31 × 10 −4 using MML method. We remind the readers
hat in our study we use H 0 = 67.4 km s −1 Mpc −1 and therefore the
irect comparison with other surv e ys that use H 0 = 70 km s −1 Mpc −1 

ould not be accurate. If we scale the values of �H I found by the other
urv e ys to H 0 = 67.4 km s −1 Mpc −1 , we find that our measurements
re consistent within 2 σ with �H I = 4.05 ± 0.1 × 10 −4 found
y ALF ALF A 100 (Jones et al. 2018 ). Fig. 9 shows �H I values
easured using direct detections from various H I surv e ys scaled

o H 0 = 67.4 km s −1 Mpc −1 for the ease of comparison. We also
how the best-fitting relation for �H I as a function of z, obtained
y P ́eroux & Howk ( 2020 ) by fitting the compilation of various �H I 

easurements from z = 0 to z = 5, zoomed in to the rele v ant redshift
ange to demonstrate where local measurements lie with respect to
he global trend. Although we find a slightly higher value of �H I using
 /V max , it is consistent with previous measurements within the large
ncertainties, which are dominated by the sample variance, and also
ith predictions from hydrodynamical cosmological simulations

Villaescusa-Navarro et al. 2018 ; Diemer et al. 2019 ) and semi-
nalytic models (Popping et al. 2019 ). For the MML method we find
 steeper α, higher ‘knee’ mass, and similar normalization, therefore
he �H I from MML is larger than when 1 /V max is used, even though
onsistent within uncertainties (Fig. 9 ). 

To investigate how different samples affect the measured �H I , we
alculate it separately for the two different fields. In Section 5.3 ,
e found that while COSMOS has a steeper low-mass slope,

he XMM -LSS field defines the ‘knee’ mass of the entire sample.
e find �H I (COSMOS) = 2 . 84 + 1 . 33 

−1 . 05 × 10 −4 and �H I (XMMLS) =
 . 77 + 0 . 87 

−0 . 92 × 10 −4 . These are both lower than what we measure for the
hole sample due to highly suppressed M ∗ in COSMOS and flatter
in XMM -LSS. 
This highlights the importance of fully sampling all parts of

he mass function, high-mass galaxies (and therefore large enough
olume) are needed to constrain the ‘knee’ of the mass function,
hereas the lower mass galaxies are needed to decouple the low-
ass slope from variations in φ∗. 

art/stad1249_f8.eps
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 SU M M A RY  A N D  C O N C L U S I O N S  

n this paper, we present the first HIMF determined from data using
he MeerKAT telescope and the first using interferometry data o v er
 non-targeted o v erdensity. We use the Early Science data from the
IGHTEE surv e y and construct the HIMF o v er the last billion years

0 ≤ z ≤ 0.084). We investigate the properties of the HIMF in 
ifferent fields, as well the possible evolution with redshift. Our 
ain results can be summarized as follows. 

(i) Visual source finding is still widely used to assess the reliability 
f the detected sources. Ho we v er, mo ving forward it is not sustainable
or when the modern surv e ys will reach their full capacity. 

(ii) We use two different methods to measure the parameters of 
he HIMF (1 /V max and MML) and we find that the first MeerKAT
IMF is in excellent agreement with previous single-dish and 

nterferometric studies, even though all these studies probe different 
rea, volume, environment, and redshift range. Using 1 /V max we 
nd an identical low-mass slope α = −1 . 29 + 0 . 37 

−0 . 26 in comparison 
o findings by ALF ALF A 100 ( α = −1.25 ± 0.02 ± 0.01) and
knee’ mass ( log 10 ( M ∗) = 10 . 07 ± 0 . 24) that is consistent within
he uncertainties when comparing to the ALF ALF A 100 surv e y
 log 10 ( M ∗) = 9 . 96 ± 0 . 01 ± 0 . 005), as well as when comparing to
he higher redshift ( z = 0.16) AUDS ( log( M ∗) = 10 . 17 ± 0 . 09). We
ote that we scale the parameters of the literature values to H 0 =
7.4 km s −1 Mpc −1 for the ease of comparison. 
(iii) As a proof of concept we investigate whether or not there is

ny evidence for evolution in the HIMF as a function of redshift.
s expected from cosmological models of galaxy formation and 

volution, we find no evidence for evolution of the HIMF o v er the
ast billion years. This result is also consistent with the studies of
he HIMF at higher redshift range – neither AUDS ( z = 0.16) nor
UDHIES ( z = 0.2) has found any evidence for the evolution of the
IMF. Ho we ver, the e volution in the shape of the HIMF (suppressed

knee’ mass and steeper low-mass slope) is expected at z ∼ 0.35 
ccording to findings by Bera et al. ( 2022 ). This will be tested with
he full capacity of the MIGHTEE surv e y. 

(iv) We investigate the properties of the HIMF in two distinct fields 
COSMOS and XMM -LSS). We find α to be steeper in COSMOS due
o the suppressed ‘knee’ mass. We find that M ∗ is highly sensitive to
he volume observed by a survey, as it requires a sampling of galaxies
eyond the ‘knee’, and it is poorly constrained for COSMOS that 
o v ers a smaller volume than XMM -LSS. 

(v) We find the cosmic H I density �H I = 5 . 46 + 0 . 94 
−0 . 99 × 10 −4 to be

lightly higher than reported by previous studies, though consistent 
ithin uncertainties. We find �H I (COSMOS) = 2 . 84 + 1 . 33 

−1 . 05 × 10 −4 

nd �H I (XMMLSS) = 4 . 77 + 0 . 87 
−0 . 92 × 10 −4 , which highlight the im-

ortance of fully sampling all parts of the mass function, large 
nough volume is needed to constrain the ‘knee’ of the mass function,
hereas the depth is needed to constrain the low-mass slope. 

Ne w observ ational facilities such as MeerKAT have the potential 
o transform our knowledge of H I in the Universe way before the
KA era. Even with the Early Science MIGHTEE data we were 
ble to measure the HIMF and estimate �H I o v er the period of
he last billion years. At the same time, the MIGHTEE Large 
urv e y Program is well underway, and will give us an opportunity

o extend the current study up to z = 0.5. With the wealth of
xcellent ancillary data, including large 4-m Multi-Object Spectro- 
raph Telescope (4MOST) spectroscopic surv e y (Driv er et al. 2019 ),
he MIGHTEE data will be crucial for our understanding of the 
volution of the HIMF and �H I , especially using the combination of
irect detections and new Bayesian stacking techniques (Pan et al. 
020 ). 
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